Abstract − This paper presents the properties and the rules to define subsectional singular divergence-conforming vector bases that incorporate the edge conditions for wedge structures.
INTRODUCTION
This paper defines the general properties and the rules to define divergence conforming bases of singular kind to model wedge singularities. Several attempts to model these behaviors are reported in literature, although only very recently a general and complete definition procedure has been obtained [8] . Method of Moments practitioners were interested in incorporating the edge conditions in finite codes for the last three decades, and interesting developments are reported in [1] [2] [3] [4] [5] [6] [7] [8] . In [7, 8] singular higher order complete vector bases of the curl and divergence-conforming kind have been developed. Those two papers report several numerical results for Finite Element Method (FEM) and Method of Moments (MoM) applications that confirm the faster convergence of the singular bases on wedge problems. A deficiency of the most commonly used regular vector bases, including high-order ones [9] , is their inability to accurately model the charge and current densities close to a sharp edge that exhibits singular behavior. Inclusion of the singularity in the basis functions permits one to avoid erroneous results near the edge and improve convergence. Our singular divergence-conforming bases are defined to properly model impenetrable (conducting) wedges and they are formed by a subset of regular bases [9] plus a Meixner subset of singular bases. The second subset is named after Meixner because it models singular as well as other nonsingular irrational algebraic terms of the Meixner series ( [1, 2, 7, 8] ). Notice that the most important features of our singular bases is their additive property, which permits one to model the regular behavior together with multiple singular behaviors of the Meixner kind, associated with different singularity coefficients, as it frequently happens while dealing with penetrable wedge structures [1, 2] .
SINGULAR LOWEST-ORDER DIVERGENCE CONFORMING BASES
During the last decade our research group focused its attention on the definition of the requirements for singular divergence conforming bases for MoM applications. With reference to Fig. 1 the singular lowest order divergence-conforming functions must satisfy the following properties:
• they must be complete to the regular zeroth order; • they must be compatible to adjacent zerothorder regular elements attached to the nonsingular edges, and to the adjacent singular (edge/vertex) elements of the same order; • they must be able to model the singular behavior of the current and the charge density along the edge profile; • they must be able to model the singular irrational algebraic behavior of the current normal to the edge profile. Figure 1 shows quadrilateral singular elements and two kinds of singular triangular elements: the edge (e) singular triangle and the vertex (v) singular triangle; the latter is considered to be an 'element filler.' These singular elements are made of two subsets of basis functions in order to properly model the regular and the singular properties of the physical quantities. Fig. 1: a) Cross-sectional view of the region around a sharp, but curved edge of aperture angle α, b) Edge profile of the wedge structure as seen from top. Fig. 1b shows the local edge numbering scheme used for the divergence-conforming edge singularity quadrilaterals and edge (e) and vertex (v) singularity triangles.
Singular quantities could or could not be excited by the given electromagnetic sources, and this is why one has to expand the physical (unknowns) quantities by using the additive scheme; i.e. we combine the regular set of bases with the singular one. Multiple singular subsets can be used to model multiple singularities. Table I . Singular bases complete to arbitrarily high [p,s] order are described in a unified and consistent manner for curved quadrilateral and triangular elements in [8] . The singular bases guarantee normal continuity along the edges of the elements allowing for the discontinuity of tangential components, adequate modeling of the divergence, and removal of spurious solutions. These singular high-order bases provide more accurate and efficient numerical solutions for problems modeled by surface integral equations. Several testcase problems have been considered in [8] and new results will be discussed and presented at the conference for 3D cases. At the conference we will present some important details on how to implement the singular elements in MoM codes. In particular we will show new results relative to a special test case: the spherical shell [10] .
THE SPHERICAL SHELL
The special test case of a spherical PEC-shell [10] has been studied by using our singular basis functions. This test case has also been considered in [6] and our numerical results will be compared with the ones of [6] . The geometrical parameters of the test case are: radius a=λ/(2π), aperture angle θ 0 =120°. The structure is illuminated by a plane-wave propagating in the positive z direction, while the sphere center is at the origin and the structure is symmetric with respect to the z-axis.
The circular aperture lies in the plane z= -a/2 and has a rim radius r=a √3/2. By using a logarithmic 64-color scale, Fig. 2 shows the magnitude of the total current induced on the shell sampled at different times within the (periodic) cycle of the incident plane wave. Fig. 2 : The spherical shell: color-map of the total current induced on the structure as described in section 2 at different time step.
